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ABSTRACT  
 

Monoliths, also referred to as honeycombs, are ceramic or metallic structures which are comprised of 
several small-diameter and packed channels. Monoliths have found increasingly promising applications in 
various industrial fields. They are especially popular in environmental treatment applications including chemical 
and refining processes, catalytic combustion, ozone abatement, automotive industry, filters as well as stationary 
and chemical industries. Due to their shape, application of monoliths in processes involving high flow rates 
results in a considerably less pressure drop compared to conventional methods, which is beneficial in 
environmental treatment systems. Monoliths are fabricated either by extrusion or by coating method. This article 
provides a comprehensive review of different monoliths and fabrication methods.  
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Introduction  
 

Carbon and carbonaceous materials have been attracting attention in numerous scientific realms including 
catalysis (Wang et al.,, 2007), batteries (Li et al.,, 2004), biomedical engineering (Lee et al.,, 2005), energy 
storage (Shoa et al.,, 2010), membrane (Yoshimune et al.,, 2008), separations (Peng et al., 2008), dielectric 
materials and electric double-layer capacitor (Jurewicz et al., 2004), sensors (Ariga et al., 2008), and fuel cells 
(Zhang et al., 2011). Carbonaceous materials show invaluable characteristics which make them capable of being 
utilized in various applications. Amongst these specific features, stability in acidic and alkaline media, surface 
inertness to prevent undesired side reactions, the textural properties, adjustable porosity and surface chemistry, 
oxygenated surface groups, adjustable isoelectric point over a wide range of values can be highlighted (Liang et 
al., 2008; Joo et al., 2008; Xing et al., 2006; Jian et al., 2008;). These properties would enable scientists to tailor 
carbon supports according to their desired properties (Radovic et al., 1997). 

 In general, synthetic carbonaceous materials can be fabricated based on two different initial precursors. 
Carbons are derived either from natural precursors (e.g. coal, wood, agriculture waste, etc.) or synthetic 
precursors such as furfuryl alcohol, phenolic resin, novolac, phloroglucinol, resorcinol, furan resin, cellulose and 
polysaccharides. These starting carbonaceous materials are then converted into activated carbons during a 
carbonization process at different temperatures. Derived carbons from natural sources have proven to show 
several problems such as the existence of large ash content on the carbon surface after activation, reducing 
catalytic activity and sintering resistance due to the inorganic constituents of ash and catalyzing secondary 
reactions (Rodriguez-Reinoso et al., 1986). Synthetic precursors have resulted in carbons which do not inherit 
such negative points. Nevertheless, the main obstacle in using carbon as a catalyst support is the low mechanical 
strength. However, this can be improved by applying a thin layer of carbon on a suitable ceramic carrier 
(cordierite honeycombs) which are themselves mechanically strong in nature. Honeycomb monoliths have been 
produced and developed to overcome many of the existing problems in the direct applications of carbon and 
have broadened the applicability of carbon materials as catalysts as well as carbons (Vergunst et al., 2001). It 
has been proven that cordierite (2Al2O3, 2MgO, 5SiO2) has naturally very low thermal expansion coefficient 
over a wide range of temperatures. This significant feature has made cordierite to be preferable and 
advantageous over support-free carbons. Comparable thermal expansion coefficient of cordierite to carbon 
increases the stability of the activated carbon framework. Ceramic honeycomb monoliths have a ratio of 
geometric surface area to support volume in the range of 2–4 m2/L (Moreno-Castilla et al., 2010). This ratio is 
small enough to lower the efficiency and yield of the process if applied as adsorbents or catalyst supports. This 
would then sufficiently show the logic why these structures have to be coated with a thin layer of other 
substances or integral with materials.  This secondary covering layer lies on the inner surface of the channels 
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and increases the internal surface area. This covering layer is often referred to as the washcoat. Monoliths which 
have been prepared in this way are known as coated monoliths. Use of monoliths in gas-phase reactions is 
advantageous over fixed beds. By applying monoliths in such applications, the pressure drop remains in the 
range of two orders of magnitude. Lower and higher resistance to attrition can be observed while higher dust 
tolerance and similar geometric surface area per volume of catalyst can be other noticeable plus points alike 
(Cybulski et al., 1994). 

In general, two different types of carbon-based honeycomb monoliths can be uniquely distinguished: 
carbon-coated and integral carbon monoliths. Details of both monolith types are described in the next section. 
The present paper summarizes the scientific researches published in the literature on the preparation methods 
and practical applications in the field of honeycomb monoliths. This article highlights in particular, two 
preparation methods of monoliths and their application in various processes.  

 
Cordierite monolith: 

 
First monoliths were fabricated and utilized in automotive industries to reduce pollution caused by vehicles 

(Balomenou et al., 2007). Monoliths are continuous, unitary structures which are made up of many parallel 
channels. These channels can come in various forms. They can be circular, square, hexagonal, triangle and 
sinusoidal or may form other shapes as seen in Fig. 1 (AceChemPack Tower Packing Co. 2013). Square 
channels are popular and currently dominant since they are relatively easy to construct. Recently, washcoating 
with α-alumina has been employed to develop round channels from cordierite square-channels (Perez-Cadenas 
et al., 2007).  

A monolith is comprised of a pile of millimeter-sized parallel straight microchannels (Gokhale et al., 2005). 
On the walls of these channels, a washcoat (e.g., silica, g-alumina or carbon) can be coated which will be then 
responsible for the high specific surface area developed thereafter. Due to the open fronts and consistent 
dimensions along each channel, pressure drop within the parallel channels will be significantly reduced and as a 
result the energy loss will be kept minimum. By using monoliths, pressure drop in the packed bed will become 
much less noticeable than when random packed beds are utilized (Mosca et al., 2008). These substrates are 
preferably a honeycomb or matrix of thin walls forming a multiplicity of open-end cells extending between the 
ends of the honeycomb. Due to the openness of the cross sectional area (75% open frontal area) a very low 
pressure drop is established, which itself will consequently make high throughputs possible (Vergunst et al., 
1998). On the other hand, the thin catalytic layer coated on monoliths, shows high catalyst yields.  

Cordierites are prepared by mixing magnesium alumina silicate materials with polymeric binders and 
extruded by means of a mold. A typical monolith is composed of about 14 wt % MgO, 36 wt % Al2O3 and 49 wt 
% SiO2, with small amounts of Na2O, Fe2O3 and CaO.  The honeycombs are next fired at high temperatures (up 
to 1500 °C) to burn out binders and to react and sinter materials to form cordierite honeycombs (Perez-Cadenas 
et al., 2005). 

It has been accepted to categorize monoliths based on their channels, cell shapes and sizes as well as their 
wall thickness (Fig. 1). These parameters can be controlled while monoliths are being fabricated. Based on these 
parameters cell density which is the number of cells per unit of cross-sectional surface area will be identified. 
They also influence the efficiency of monoliths in certain applications. However, these parameters can be 
selectively altered. One of the most commonly-used ceramic honeycomb monoliths consists of 62 cells/cm2, 
which corresponds to approximately 1 mm channel width and 0.15 mm wall thickness (Lox et al., 1999). 
Honeycomb monoliths mostly contain homogeneous channels, within the production variance, and this 
homogeneity is maintained through the whole body of a typical monolith. 

Cordierite is a magnesium alumina silicate material. It has a very low linear expansion, a small coefficient 
of thermal expansion and considerable resistance to thermal shocks, an excellent range of mechanical strength, 
the absence of a need for filtering, safer operation, easy scale-up, good washcoat adherence and good 
compatibility with washcoat, porosity criteria, excels in cost-effective extruded and dry-pressed forms (Jimmie 
et al., 2001). 

The honeycomb monolith support has proven to show a number of advantages over particulate supports. 
These include a high geometric external surface, structural durability, short diffusion lengths, easy catalyst 
separation, good mass transfer, a low pressure drop (Heiszwolf et al., 2001; Satterfield et al., 1977; Kreutzer et 
al., 2005), ease of scale-up (Kapteijn et al., 2001; Gonzo et al., 2010), uniform flow distribution within the 
matrix, high mass transfer rates (Kreutzer et al., 2001; Vandu et al., 2004; Van Baten, J.M.), low-axial mixing  
(Winterbottom et al., 2003) and elimination of a separation step (Kapteijn et al., 2001). 

Cordierite Honeycomb monoliths are categorized into two groups: porous monoliths and compact ones. 
Porous cordierite honeycomb monoliths are being mainly used in petroleum and chemical engineering, garbage 
incineration, coating and paints chartered plane, they are also being utilized in industrial waste gas and waste 
water processing while compact types are generally more applicable in heat storage to exchange gas and store 
heat. Their chemical compositions are listed in Table 1 (Pingxiang XINTAO Chemical Packing Co. 2013). 
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Fig. 1: Various monoliths’ structural patterns (AceChemPack Tower Packing Co. 2013) 
 

Table 1: Chemical compositions of the two monoliths types (Pingxiang XINTAO Chemical Packing Co., 2013) 
Chemical composition: porous type 
SiO2 Al2O3 MgO Fe2O3 Na2O K2O 
48-51% 31-34% 14-16% <0.5% <0.5% <0.5% 
Chemical composition: compact type 
SiO2 Al2O3 MgO Fe2O3 Na2O K2O+CaO 
48-50% 37-39% 7-9% <1% <1% <2% 

 
All these characteristics make monoliths very useful materials to be utilized as adsorbents and supports for 

catalysts in environmental applications. These materials have a wide range of applications in different areas, 
including catalysis, biotechnology and pollutants’ removal. Honeycomb materials have been historically utilized 
as the catalyst carrier for purifying automotive/ vehicle emissions ( exhaust catalytic converter), elimination of 
bad smell ( for instance, air-fresher machine used in hotels, restaurants, toilets and etc.), Industrial organic waste 
gas purification, abatement of volatile organic compounds (VOC), removal of hazardous air pollutants (HAP), 
carbon monoxide (CO), nitrogen oxides (NOx), organic particulate matter (OPM), HC nytron, SO2, odors, and 
other air toxics in oil and chemical industries, dust burning stove/ incinerator, power plant and etc. Monoliths 
have also been applied widely as vehicles’ catalytic oxidizers (CO), regenerative catalytic oxidizers (RCO), 
ReNOx processes, fixed bed absorbers and also in bio-systems.  

Honeycomb catalyst supports, were originally developed for use in automotive emission control systems 
where low pressure drop and high surface area are critically required (Moulijn et al., 1998). The most significant 
application of ceramic monoliths as catalyst supports is seen in the automotive industry; for the control of 
gaseous and particulate emissions from gasoline and diesel fuelled engines. Nowadays, either ceramic or 
metallic honeycomb-supported catalysts are being applied in automobiles. These catalytic monoliths have now 
practically replaced packed-bed reactors (Kapteijn et al., 1999).  

 
Integral And Coated Monolith: 

 
Figure 2 illustrates the structure of two different kinds of synthetic carbon-based monoliths known as 

coated and integral, respectively. Each kind covers a specific area of applications.  The fabrication of integral 
monoliths is carried out by the extrusion of a mixture of carbon precursor and various additives which can 
include both organic and inorganic materials such as cordierite powder, cellulose fiber, polyester fiber and etc. 
These materials make the resin extrudable (Gadkaree et al., 2000). However, to fabricate a coated monolith, a 
bare monolith should be dip coated into a mixture of carbon source, low carbon yielding binders, pore former 
and polymerization catalyst and then follows carbonization and activation at high temperatures (Vergunst et al., 
1998).  

Each of the two general types of monoliths can show certain advantages or downsides compared to the 
other kind which favors their usage in specific applications. Higher mechanical strength of coated monoliths as a 
result of their ceramic support compared to integral monoliths made of activated carbon is a plus point in 
utilizing coated monoliths when mechanical strength is of importance. Nevertheless, excellent adhesion of the 
thin layer coated on monoliths, plays a determining role in the performance of the process. Then the 
establishment of different types of microstructured thin film on monolith is of interest, it is proven that carbon-
coated monoliths can offer far better performances when compared with the integral type of monoliths in liquid 
phases processes (Perez-Cadenas et al., 2007).  However, due to the high accessible surface area per total weight 
(or volume) of monoliths in the integral type, high performance in gas-phase processes is reached when integral 
monoliths are utilized. Carbon-coated monoliths inherit a lower amount of carbon content per unit volume of 
monolith in comparison to the integral type (Valdes-Solis et al., 2001). 
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Fig. 2: A schematic of two monolith types (a) carbon coated monolith (b) integral-type carbon support  

 
Integral Monoliths: 

 
Figure 3 shows a schematic drawing of the steps required to be taken in order to fabricate integral 

monoliths. In general, the most convenient method with regards to the fabrication of this type of monolith is the 
extrusion of the prepared mixture using vacuum press which is then followed by a drying step and a subsequent 
thermal treatment. The use of permanent and/or temporary binders is usually needed and requires adequate 
mixture of raw material, suitable plasticizing solvent and binders (Harti et al., 2007). Using carbon materials or 
carbon precursors such as organic resins or polymers in the composition of the dough which is then extruded 
can be another possible method to construct carbon-based monoliths. Due to the homogeneous distribution of 
the precursor through the monoliths as can be seen in the preparation method, the number of steps required for 
the preparation has consequently decreased (Avila et al., 2005). The dough to be extruded must have the 
adequate plasticity to allow the extrusion and immediate conformation in the rigid structures in monolithic 
shape. 

 
Fig. 3: A schematic of the preparation method for integral monolith 

 
To increase the carbon content per unit volume of monolith, carbon material or its precursor is added during 

the formation of monoliths. If suitable binders have been utilized in the process, an extrusion will be possible to 
fabricate integral monoliths. A water-soluble organic binder is most often used in extrusion technology. As a 
result of high vulnerability of activated carbon composite to cracking which can rise as a consequence of the 
capillary pressure drop in the drying process, low temperature extrusion technology with water soluble organic 
binder needs a higher degree of care when drying (Pukanszky et al., 1999). Theses mentioned stages have to be 
carefully controlled as they might thoroughly impact the chemical, catalytic and physical properties as well as 
the extrudate’s morphology, porosity and mechanical strength of the fabricated monoliths. A number of 
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experiments need to be done in order to obtain an appropriate composition of paste permitting optimal 
rheological properties that facilitate the extrusion procedure. Moreover, if high temperature is needed to be 
provided in order to eliminate the additives in a thermal treatment process, the clay’s particle size distribution 
may then be adversely affected due to the sintering phenomenon (Avila et al., 2005; Pukanszky et al., 1999; 
Velde et al., 1992). 

 
Carbon-Coated Monolith: 

 
There have been various methods for coating or wash-coating on monolith body. They include collide, 

dipcoating, chemical vapor deposition (CVD) and sol gel (Nijhuis et al., 2001).  Some researchers used the 
mixture of two polymer blends to synthesize porous carbon (Ozaki et al., 1997; Hatori et al., 1995; Oya et al., 
2000; Patel et al., 2002; Hulicova et al., 2003). In this method, the two polymers are first blended. One of the 
two polymers is thermally decomposable (TDP) and leaves no residue after carbonization process such as poly 
ethylene glycols. The other polymer is the carbon precursor polymer (CPP) and is responsible for the creation of 
porous carbon media during the carbonization process (Oya et al., 2000). Figure 4 schematically illustrates the 
process during which carbon- coated monoliths are generally prepared. Carbon-coated monoliths are prepared 
by the polymerization of carbon source (CPP), pore former (TDP), low carbon yielding binder and catalyst.  

Starting polymerization mixture and its composition have been shown to be the significant parameters as 
they can directly affect and change the texture, coating amount, and elemental composition of the carbon-coated 
monolith (Vergunst et al., 1998). The final coating percentage after carbonization can be controlled by changing 
the composition of the dipcoating polymer. The viscosity of the coating mixture influences the thickness of the 
coating applied due to ability of dipcoating solution to penetrate onto monolith. Also the residual mass after 
carbonization affects the final carbon content (Delmon et al., 1998). An increase in the coating thickness can 
therefore be achieved by increasing the polymerization time, the degree of polymerization and the viscosity of 
the coating mixture (Vergunst et al., 1998). The operational parameters include the heating rate during the 
carbonization process, the carbonization temperature and the effect of curing (heating to 250 ºC in air for several 
hours). These controllable values should be well adjusted to modify pore size distribution. The variation of 
heating rate revealed no change in the pore size distribution or the pore volume while increasing the 
carbonization temperature shows an increase in the pore volume without any change in the pore size 
distribution. The prolonged curing time demonstrated that pore size distribution shifts to larger pores (Vergunst 
et al., 2002).  

 

 
Fig. 4: A schematic of preparation method for the coated monolith 
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Carbon-Coated Monoliths Using Various Carbon Precursors: 
 
Gadkaree et al., 1998 was one of the pioneers in the preparation of carbon-based monolith. He used a 

phenolic resole due to its low viscous nature to dipcoat a carbon-based monolith. The low viscosity of the resin 
results in enhanced impregnation and draining process.  In this process first the honeycombs are simply dipped 
in the resin, then they are allowed to soak for a few minutes and next the excess resin is drained out through the 
monoliths’ cells by blowing air into the cells. Finally, the monoliths are treated in drying and curing processes. 
The coated honeycombs are air dried which is then followed by a drying step at 95 °C as well as a curing 
procedure at 150 °C in order to crosslink the resin. The resins remain on the surface of the channels as a thin 
layer after the drying and curing steps. Carbonization is performed at 900 °C in nitrogen flow leading to the 
resulting material which is CO2 and the activated resin showing a 25–30% burn-off. At the end of carbonization 
process, a ceramic-carbon composite structure is formed. The coated carbon was therefore necessarily 
microporous although some adsorption at higher relative pressure is observed as in Fig. 5. According to this 
figure, the carbon has a very regular structure with platelet spacing of 0.7-0.8 nm. This carbon structure is 
unusual and can change in characteristics by changing the composition and the operational parameters. Other 
authors (Vergunst et al., 1998; Valdes-Solis et al., 2001; Garcia-Bordeje et al., 2001) used the same procedure 
to prepare carbon-coated monolith using different carbon precursors such as phenolic (resole and novolac) and 
furanic resins, polysaccharides (sucrose and dextrose) and furfuryl alcohol resins.  

 

 
Fig. 5: N2 adsorption isotherm of carbon (Garcia-Bordeje et al., 2001) 

 
Vergunst et al., (1998) used dipcoating approach to prepare carbon coated monolithic supports. They used a 

mixture of furfuryl alcohol as carbon source, pyrrole as low-carbon yielding binder, poly ethylene glycol (PEG-
750) as the pore-former and concentrated nitric acid as the polymerization catalyst. The polymerization of 
furfuryl alcohol is accompanied by the release of water in the process. The polymer was carbonized in a flow of 
an inert gas at high temperatures. During carbonization, the polymer converts into carbon by the removal of the 
functional groups and condensation. They prepared four different types of carbon-coated monoliths in order to 
investigate the effect of these parameters on surface area and pore structure. Different compositions were 
investigated. They used furfuryl, furfuryl/pyrrole, furfuryl/PEG750 and furfuryl/pyrrole/PEG750. Poly (furfuryl 
alcohol) shows a high carbon yield (~50 wt%) and is therefore an appropriate initial material to fabricate 
carbon-coated monoliths. By the addition of an acidic catalyst, furfuryl alcohol can easily polymerize under 
ambient conditions. Furfuryl alcohol is mixed with a small quantity of an acidic solution; the alcohol group of a 
furfuryl molecule reacts with the active hydrogen from the ring of another molecule to yield water.  Furfuryl 
alcohol molecules subsequently join one another to produce poly furfuryl alcohol as can be seen in Fig. 6 (Song 
et al., 2010): 

Pyrrole was incorporated in the polymer, modifying the properties of the obtained carbon coating 
(Futamoto et al., 1978). The final properties of the obtained carbon-coated monolith were defined by the 
incorporation of pyrrole in the polymer. The presence of pyrrole rapidly decreased the reaction rate by blocking 
further polymerization. PEG-750 was used as the pore-forming agent (Gandini et al., 2007). The presence of 
PEG-750 dilutes the polymerization mixture, therefore lowering the reactivity. Gandini et al., (2007) confirmed 
that furfuryl alcohol polymers are converted into carbon at temperatures below 450 °C while PEG-750 is 
decomposed from the polymer at 320 °C. Therefore, PEG-750 decomposes prior to poly (furfuryl alcohol) 
carbonization. PEG-750 decomposes early enough prior to the reconstruction of the poly fufuryl alcohol 
network during carbonization. Therefore, this reconstruction cannot be affected by PEG 750 (Voorhees et al., 
1994). 

Carbonization is identified by observing the weight loss for all polymers at temperatures around 650 °C as 
shown by TGA results. At this temperature the pore-former is also removed. The weight loss results by TGA 



2554 
J. Appl. Sci. Res., 9(4): 2548-2560, 2013 
 

 

follows the following order:  furfuryl/pyrrole/PEG750 > furfuryl/PEG750 > furfuryl > furfuryl/pyrrole. This 
indicates that polymer furfuryl/pyrrole has a different composition due to less weight loss (Fig. 7).   

A higher weight loss is observed in furfuryl/PEG 750 mixture. This is as a result of the presence of PEG 75 
which thoroughly decomposes during the carbonization step and leaves no residue. The reported weight loss of 
samples varied in the range of 40 to 70 %. The weight increase due to the carbon layer was reported to be 12.4 > 
10.2 > 6.5 > 4.4 wt% for the samples of furfuryl, furfuryl/pyrrole/PEG750, furfuryl/PEG750, furfuryl/pyrrole, 
respectively.  

 

 
 

Fig. 6: Poly (Furfuryl alcohol polymerization) (Song et al., 2010) 
 

 
 

Fig. 7: Weight loss (wt%) of the samples by TGA measurement (Vergunst et al., 1998) 
 
The starting materials directly change the composition of the polymer for coating the monoliths. The 

addition of pyrrole (C4H5N) to the polymer solution, increases the nitrogen content, while by adding PEG-750 
((CH3-(O-CH2-CH2)n-OH) an increase in the oxygen content is observed. After the carbonization is completed, 
the carbon content increases while the amount of oxygen and hydrogen decreases. When pyrrole is added, the 
nitrogen content of the sample after carbonization remains unchanged. This shows that pyrrole is incorporated 
into the polymer structure. CO2 adsorption measurements indicated that carbon prepared with only furfuryl 
alcohol shows the highest micro-pore volume (0.185 ml/g carbon) and because of the high correlation between 
pore volume and surface area, the highest micro-pore surface area (510 m2/g carbon) is as well obtained. As 
furfuryl-based synthetic carbons have been used as carbon molecular sieves (CMSs), high microporosity can be 
well expected (Lafyatis et al., 1990). Specific surface area decreases as a consequence of the addition of pyrrole 
and PEG 750.  By coating carbon on monolith a higher microposous surface area is obtained per unit carbon 
mass. The difference between a coated monolith carbon and an uncoated carbon stands out when pore size 
distribution (Furfuryl/ PEG750 / pyrrole) data are compared as in Fig. 8. The carbon coated monolith shows 1.5 
μm macro-pores, whereas the unsupported carbon sample shows pores in the mesoporous range around 15 nm. 
Also the total pore volume for the carbon coated sample is two orders of magnitude higher than that of the 
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unsupported. Both the differences in the amounts of micro and macro-pores between the supported and 
unsupported carbon samples can be related to the process of pore formation. Functional groups present in the 
polymer are eliminated during the carbonization process. As a consequence, polymer will then contract and 
small pores are formed. However, when the polymer is coated on a cordierite substrate, the anchoring of the 
coating to the substrate prevents the coating from shrinkage. The coated layer will thus crack which itself leads 
to the enlargement as well as the formation of new pores. 

Carbon coated monoliths have also been prepared by dipcoating monoliths in a polymer mixture containing 
Novolac/2-butanone and Furan/acetone resins which were selected as carbon source for the preparation of 
carbon coated monolith. Garcıa Bordeje et al., (2001) used the former method to prepare carbon-coated 
monoliths using two carbon sources. A commercially available activated carbon CP-97 (Engelhard) and a binder 
were added to the dipcoating solution. Different compositions were used to prepare the dipcoating mixture such 
as Novolac, Novolac/CP-97, Furan and Furan/CP-97.   

The viscosity and carbon yield also increase when the resin content in the dipcoating mixture increases. The 
results of the cumulative volume of the coated monoliths obtained by Hg intrusion revealed that bare cordierite 
shows only macropores larger than 1 μm. In monoliths coated with pure resin the diameter of macropores is 
around 0.2 μm, while in monoliths coated with slurry of CP-97 and polymer pores in the range 10–300 nm have 
been detected. As it is shown in Fig. 9, carbon-coated monolith (CP-97/ Furan) show no crack and are well 
coated compared to carbon- coated monolith (Furan) with some cracks.  

 
Fig. 8: Cumulative pore volume per unit mass carbon as a function of pore volume (unsupported carbon and  
            supported carbon) (Vergunst et al., 1998) 

 

 

 
Fig. 9: (a) CP-97 + Furan resin, (b) pure Furan resin (Garcia-bordeje et al., 2001) 

 
These cracks occasionally result in flakes that are removed from the support. These flacks were observed 

for both resins when carbon loadings are higher than 20%.  Prediction of the optimum carbon loading value can 
be made by the determination of the resin solution viscosity. The optimum viscosity of dipcoating mixture has 
to be used in order to achieve a maximum carbon loading without plugging channels, with a good coverage and 
without the formation of flakes.  

Furan resin exhibits better coverage when compared to Novolac. This was determined by carrying out the 
leaching test (pH=0) in bare cordierite and the different types of carbon-coated monoliths. Comparing the 
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leaching results of Novolac and Furan-coated monoliths with the same carbon loading, it has been observed that 
Si ions are leached to the same extent in both resins while Al and Mg elements are leached to a higher degree in 
samples coated with Novolac than with Furan. 

Valdes-Solis et al., (2001) used a variety of polymeric materials such as phenolic, furanic and 
polysaccharide in order to prepare carbon-coated monoliths. Chemical activation was carried out using zinc 
chloride as the activating agent. The activation process was different for these carbon sources. A comparative 
survey of their properties has been given in Table 2. It can be seen that polysaccharides exhibit a higher weight 
loss during carbonization (700 oC) than the other resins, so they produce less carbon residue. 
 
Table 2: Main characteristics of polymeric materials used as carbon precursors (Valdes-Solis et al.,, 2001) 

Polymeric material Polymer solution characteristics Weight loss during 
carbonization (wt%) 

Solvent Concentration % Viscosity (Pas) - 
Phenolic resol resin  67 0.45 - 
Phenolic novolac resin Methanol 63 0.47 41 
Furanic resin  54 0.11 33 
Sucrose solvent 50 0.013 73 

 
The impregnation was performed by dipcoating the monolith in polymer solutions. The excess solution was 

drained by rotating the coated support at 5000 rpm and was then cured at a temperature of 150 °C for 1 h. The 
samples were carbonized under N2 gas at 700 oC. Parameters such as impregnation steps, different carbon 
sources and chemical activation were investigated on carbon coated monolith. The effects of different variables 
on the impregnation process were studied. Two methods of air blowing and spinning of the impregnated 
monoliths at high speed rates were evaluated for removing the excess polymer solution from within the 
channels. The air-blowing method produces higher carbon contents but is only appropriate for diluted solutions 
with low viscosities while spinning the monolith at high speed, gives materials with lower carbon content but 
with a more uniform carbon distribution. By air blowing in order to remove concentrated solutions, resin 
accumulations will occur which leads to the formation of bubbles during the curing procedure.  These 
accumulations are mostly located at the extremes of the monoliths and might cause channel occlusions. The 
differences between the two methods are illustrated in Fig. 10.   

 

 
 
Fig. 10: SEM patterns of carbon coated monolith prepared by (a) air blowing (b) spinning (Valdés-Solı ́s et al.,  
              2001) 
 
Metal-supported monolith: 

 
In processes involving honeycomb monoliths, low pressure drops have been recorded. This phenomenon is 

especially suitable for various applications where adsorbent material and/or catalyst support are utilized. 
Ceramic monolithic supports have been used in different catalytic applications, as they can provide significant 
advantages (Heck et al., 2002). Various preparation modes for monolith catalysts have been investigated. These 
include monolith washcoating, incorporation of catalytically active species by different methods and other 
coating techniques. Several researchers have worked on the utilization of carbon in coating various supporting 
materials having polymeric route. Each of these monoliths was designed to fulfill a specific application. 



2557 
J. Appl. Sci. Res., 9(4): 2548-2560, 2013 
 

 

Monolith catalysts are made up of three parts: substrate, active coating and active components. The 
substrate in common use was the honeycomb-shaped cordierite (2MgO, 2Al2O3, 5SiO2). The active coatings (γ-
Al2O3, zeolites, vanadium, SnO2, etc.) are usually washcoated on the surface of the cordierite. This results in a 
larger specific surface area available to carry the metallic active components (Hashmi et al., 2011). Due to low 
adherence property, zeolite coatings can be easily peeled off from the substrate (Beving et al., 2006). On the 
walls of the cells, the catalytically active material is deposited as a porous washcoat thin layer having a 
thickness between 10 and 200 μm (Bhattacharya et al., 2004). 

Two different preparation paths can be considered when preparing a monolithic catalyst: washcoating a 
catalyst on a monolithic support, or direct extruding of the catalyst into the desired shape. The latter can yield a 
high metal loading, although its practical application is more difficult as the extrusion of the catalyst is required. 
On the other hand, by using a conventional backbone (such as cordierite), it is possible to place a thin layer of 
catalyst on the surface of the monolith. The adjustable thickness of this layer is another plus point. In this way, 
high selectivity can be achieved, albeit the metal loading will be lower.  

Monolith catalysts are expensive compared to fixed-bed systems. On the other hand, monolith replacement 
requires additional labor costs (Groppi et al., 2000). They are being widely used in automotive and stationary 
emission control systems, but their application can extend much more into various fields including chemical 
processing industries, catalytic combustion, pollution abatement of volatile organic chemicals, oxidation of 
carbon monoxide and unburned hydrocarbons, among others. Table 3 lists several applications in which 
monoliths are currently being used.  
 
Table 3: Applications of monoliths 

Application 
Chemical process catalyst support 
Ultra filtration, water filtration 
Industrial heat recovery 
Catalytic  incineration 
Ozone abatement 
Indoor air purification 
Natural gas storage 
Molten metal filter 
Woodstove combustor 
Stationary emission control 
Diesel Particulate filter 
Automotive emission control 
Removal of dye 

 
Conclusion: 

 
In this review, traditional and current approaches in the fabrication of monoliths have been extensively 

explained. The widespread usage of honeycomb monolithic structures in various industrial and scientific fields 
has also been discussed. All and all, it is pretty obvious that monoliths can be promising replacements for 
conventional way of application of many chemicals in various fields such as catalysis, adsorption and et cetera. 
The ease of use, lower pressure drop and ease of regeneration can be a few advantages of these newly attracting-
attention structures. The biological use of monoliths in the past few years has itself opened a brand-new horizon 
in the utilization of these attractive structures. It is evident that the application of monoliths in many other fields 
will be promising in the near future which, of course, requires further studies on the specific use of monoliths in 
other areas. 
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